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Australian project time-cost analysis: statistical 
analysis of intertemporal trends 
ANALYSIS OF INTERTEMPORAL PROJECT TIME-COST 
TRENDS 
ABSTRACT 
 
In investigating intertemporal movements in time-cost relationships via the Bromilow 
model, it is shown that, with a recently collected sample of data from the Australian 
State of New South Wales, the constant term in the linearised regression equation is 
not significantly (p<0.05) different from zero when the contract value is measured in 
dollars, rather than millions of dollars.  This is equivalent to a K value of unity in the 
original, non-linear, version of the model.  This is utilised to develop a new and 
simpler measure of the time-cost relationship in the form of the ratio 
c
T
ln
ln  which has 
the advantage of being obtainable for each project.  A scatter plot and statistical 
analysis of the project ratios indicate significant yearly fluctuations but no underlying 
trend.  Assuming similar characteristics of the data from previous studies, equivalent 
average ratios are estimated and plotted, providing visual evidence of a downward 
trend.  The statistical analysis, however, is inconclusive on the issue, there being 
insufficient data (six points) for a full analysis. 
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INTRODUCTION 
 
Intertemporal trends in project time-cost relationships have important implications in 
the practical management of construction contracts in budgeting, planning, 
monitoring and even litigation.  In the early stages, owners/clients need an indication 
of the likely construction period for a project to ascertain logistical and cash flow 
implications for feasibility.  At contract stage, a realistic assessment of contract period 
is needed for insertion in the construction contract for both client and contractor 
planning.  As the construction phase continues, progress needs to be assessed against 
the target provided in the contract for contingency planning by both client and 
contractor, possible schedule recovery activities and application of liquidated 
damages. All these stages are sensitive to under or over estimates of the construction 
time needed. 
 
Implications also exist in monitoring the development of the construction industry in 
general.  Systematic changes in average project time-cost relationships necessarily 
reflect changes in the average speed or cost of construction, or both.  They may 
indicate that the productivity of the industry has changed or that production resources 
are simply being more or less intensified.  For instance, the output rate of the average 
operative could have changed or, alternatively, the output rate of the average 
operative has not changed but simply more or less than the average number of 
operatives is being employed to do the same job. 
 
The Bromilow model is used in Australia to describe the relationship between the cost 
of construction projects and their time taken to complete.  Several empirical studies 
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have been reported over the years (Bromilow 1969, Bromilow and Henderson 1976, 
Ireland 1983, Bromilow et al 1988).  Although the results of these studies have 
verified and adopted the general model form, its calibration, in the form of parameter 
estimates, varies for each study.  For most of the studies, only sectorial differences 
have been examined.  As yet, there has been no treatment of intertemporal 
differences. 
 
In the first part of this paper, we examine a set of 1990s completed building projects 
in the New South Wales region of Australia for intertemporal trends.  It is shown that, 
for these projects, no statistically significant annual linear trend occurred.  
Inexplicably, however, significant non-linear annual effects were found.  The second 
part of the paper examines the results of the previous studies and it is shown that, 
despite the apparent visual evidence to the contrary, the statistical results are 
inconclusive. 
 
 
NEW SOUTH WALES DATA 
 
Data collection 
 
The actual construction time and cost of recently completed construction projects 
were collected and analysed.  The survey population for this research was confined to 
projects having a contract value more than AUS$500,000 completed in the 1990s.  In 
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line with previous studies, projects below AUS$500,000 were considered to have 
limited scope and complexity. 
 
Names and addresses of 100 construction companies in the Sydney and Newcastle 
areas of New South Wales were obtained by random selection from the telephone 
directories under the classification of “Building Contractors”.  Telephone interviews 
were conducted with the companies and 44 indicated that they were interested in the 
study and could provide the required data. 
 
A survey package containing a covering letter, survey instructions, six separate sets of 
survey questionnaires and stamped self-addressed envelopes was distributed to each 
company.  The companies were asked to provide the details of up to six projects for 
analysis.  Due to the sensitivity of the data required, 12 companies dropped out from 
the study at this stage.  The 32 remaining companies provided 93 completed project 
surveys.  This represents a reasonable response rate of 35% (based on 264 project 
surveys distributed). 
 
The average time for construction in the sample was 237 working days, the longest 
and shortest times being 864 and 60 working days respectively.  All costs were 
rebased to March 1998 prices using the Building Price Index (BPI) in the price book 
(Rawlinsons, 1998).  The average rebased cost of projects in the sample was $21.4 
million, the highest and lowest costs being $619 million and $0.50 million 
respectively.  The details of project surveyed are summarised in Table 1.  From the 
writers’ experience, these comprise a representative sample of non-small building 
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projects in Australia.  For the sake of simplicity, the projects were considered to be 
time-cost homogeneous and the data pooled accordingly. 
 
Model 
 
Bromilow’s model takes the general form: 
 
 BCKT .=  (1) 
 
where T denotes the actual duration of the construction period in working days from 
the date of possession of site (effectively commencement of construction) to practical 
completion, C denotes the actual final cost of project (to the owner/client) in millions 
of dollars, adjusted to constant labour and material prices, and K and B are empirically 
estimated parameters. 
 
The non-linear model (eqn 1) is clearly linear in double log form, ie.,  
 
 CBKKCT B lnln)ln(ln +==  (2) 
 
So, letting y = lnT, x = lnC, α0 = lnK and α1 = B gives us the standard linear 
regression equation 
 
 xy 10 αα +=  (3)   
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Using the number of days (T) and millions of dollars (C) spent on actual projects, the 
linear model (3) may be fitted to the data, the required K and B values being exp(α0) 
and α1 respectively.  However, expressing the cost in units of millions of dollars is an 
unnecessary complication.  Instead, simple dollar units (c) were substituted for C in 
the analysis, ie., c=1000000C. 
 
 
Results 
 
Table 2 summarises the results of the year by year analysis.  As with previous studies, 
all projects were allocated a year corresponding to their 60% completion point.  The 
Table gives the estimated α0 and α1 values from the regression analyses for each year, 
the probability (p) of their being different to zero, the adjusted R2 (Adj R2) and 
standard error of estimate (SEE) of the model.  The main point of interest here is that 
the constant term, α0, is significantly different from zero (p<0.05) in only one case – 
in 1997 (p=0.041).  The slope term, on the other hand is significantly different from 
zero for all years except 1992 (p=0.222), 1995 (p=0.053) and 1999 (p=0.393).  The 
right hand part of the Table gives the results of the regression analyses with the 
constant term omitted.  It is not possible to compare the R2 values of regression with 
and without constant terms, but the SEE does show how the fit changes between one 
and the other.  In this case, it can be seen that the SEE is better (smaller) for the 
models without the constant term than with the constant term for all years except 
1997, as expected, with the total being marginally worse.  This suggests that, in 
general, the model without the constant term may be used without appreciable loss of 
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fit instead of the standard Bromilow model, which includes the constant, so that as α0 
= lnK= 0 then, from (2), lnT = ln(cB) = Blnc and so 
 
 
c
TB
ln
ln=  (4) 
 
This enables us to use the quantity lnT/lnc for each project for further analysis.  Fig 
1 shows the scattergram of the lnT/lnc quantities for the 93 projects in the NSW 
dataset, with a linear regression line fitted.  The regression is not significant, with a 
constant of –6.220 (p=0.093) and slope of 0.0033 (p=0.076).  The analysis of 
variance, however, is significant, both for all the years and when those years with 
least data are omitted (Table 3).  Fig 2 shows why this is the case, with quite marked 
yearly fluctuations. 
 
 
PREVIOUS RESULTS 
 
Table 4 summarises the results of previous studies.  As with the NSW data, only the 
pooled contracts were considered except that this was not possible for the 1975 study, 
where no pooled results were available.  Fig 3 shows these results in graphical form.  
This gives a good visual impression of the differences in the models.  To make a 
statistical comparison, we assume that the α0 term is again zero and that therefore 
there is a new B value, B’, such that 
 
 BB KCC ='1000000  
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and therefore 
 
)1000000ln(/)ln(' CKCB B=  
 
As we do not know the value of C for the previous studies, we substitute the mean 
value of the NSW data, on the assumption that the data for the previous studies would 
be similar.  The value of C, therefore, is assumed to be 21.4.  Table 5 gives the results.  
The B’ value for the 1974 study has been estimated by weighted linear interpolation.  
Fig 4 shows the B’ values against the estimated average project year for each of the 
studies.  This suggests a clear downward trend over the years.  The regression 
analysis, however, indicates otherwise.  Table 6 gives the salient details.  The small 
number of data points mitigates against a clear verdict – the regression results 
indicating any apparent trend in the sample to be pure chance.  Despite appearances, 
therefore, we have to conclude there is insufficient evidence in favour of a genuine 
trend. 
 
 
CONCLUSIONS 
 
In investigating intertemporal movements in time-cost relationships via the Bromilow 
model, it is shown that, with a recently collected sample of data from the Australian 
State of New South Wales, the constant term in the linearised regression equation is 
not significantly (p<0.05) different from zero when the contract value is measured in 
dollars, rather than millions of dollars.  This is equivalent to a K value of unity in the 
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original, non-linear, version of the model.  This is utilised to develop a new and 
simpler measure of the time-cost relationship in the form of the ratio lnT/lnc, which 
has the advantage of being obtainable for each project.  A scatter plot and statistical 
analysis of the project ratios indicate significant yearly fluctuations but no underlying 
trend.  Assuming similar characteristics of the data from previous studies, equivalent 
average ratios are estimated and plotted, providing visual evidence of a downward 
trend.  The statistical analysis, however, is inconclusive on the issue, there being 
insufficient data (six points) for a full analysis. 
 
On reflection, it seems a strange choice to express the cost, C, in millions of dollars in 
the original Bromilow model instead of the more obvious raw dollar measure, c.  The 
empirical finding here, that the model constant, K, disappears (ie .is not significantly 
different to unity) when C is replaced by c only adds to the mystery.  Of course, K can 
be easily eliminated whatever its value be judicious recentring of the project dollar 
values.  It is only coincidence that the unrecentred c does the job in this case as all c 
values have been rebased by inflation index – if, instead of 1998, we had rebased the 
data to, say, 1969, this would not have occurred.  However, since all methods of 
recentring c are equally arbitrary, it would seem to be prudent in the future to 
deliberately adopt a method that does eliminate the need to a constant for, as has been 
shown here, trends in a single parameter model are so much easier to track than in 
their multiparameter counterparts.  It will still be important, however, to use the same 
method across studies in order to make comparisons of results across studies.  For 
this, and several other reasons, it would have been much better to have reanalysed the 
original data from the previous studies, but this was not possible and what we have 
here is about as good as can be done with what is available. 
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In addition to the methodological implications mentioned above, the two major 
findings of the study are that (1) the visual evidence of an intertemporal time-cost 
trend is not supported statistically, either for the New South Wales data or the 
comparison of previous results but that (2) statistically significant, and inexplicable, 
yearly differences occurred in the 1990s.  Further research is urged in both areas. 
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Category Classification / Number of observation 
Public Private 
Industry Sector 
31 62 
Residential Industrial Educational Recreational Other 
Project Type 
11 26 15 9 32 
Lump sum Design & Build Construction management Other Contract Method 
61 16 8 8 
Open Selective Negotiated 
Contractor Selection 
15 59 19 
≤ 100 100 - 200 200 - 300 300 - 400 400 - 500 > 500 Contract Duration – Original 
(Days) 20 34 15 11 8 5 
> 20 % 10 to 20 % 0 -10 to -20 % > -20% 
Time Overrun  
33 15 33 5 7 
≤ 1 1 - 10 10 - 50 50 - 100 > 100 Cost (Adjust to 98 Price)  
($ million) 20 51 13 5 4 
> 20 % 10 to 20 % 0 -10 to -20 % > -20% 
Cost Overrun 
21 42 24 4 2 
 
Table 1:  Details of projects surveyed 
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With constant Without constant 
Year N 
α0 p α1 p AdjR2 SEE α1 p AdjR2 SEE 
1992 4 0.874 0.768 0.266 0.222 0.408 0.394 0.317 0.000 0.996 0.332 
1993 2 - - - - - - - - - - 
1994 4 0.282 0.811 0.315 0.038 0.887 0.331 0.332 0.000 0.997 0.275 
1995 8 0.850 0.667 0.292 0.053 0.407 0.539 0.347 0.000 0.991 0.507 
1996 16 1.030 0.424 0.273 0.006 0.380 0.344 0.343 0.000 0.995 0.340 
1997 25 1.632 0.041 0.256 0.000 0.515 0.444 0.362 0.000 0.993 0.476 
1998 30 -0. 848 0.332 0.403 0.000 0.607 0.368 0.345 0.000 0.995 0.367 
1999 4 2.036 0.640 0.225 0.393 0.052 0.275 0.368 0.000 0.998 0.240 
Total 93 0.548 0.160 0.311 0.000 0.583 0.427 0.349 0.000 0.993 0.429 
Table 2: Summary of regression models for NSW data
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Ratios SS effect df MS effect SS error df MS error F p 
All 0.01457 7 0.00208 0.06461 85 0.00076 2.738 0.013 
1995-8 0.00739 3 0.00246 0.06173 75 0.00802 2.992 0.036 
1996-8 0.00733 2 0.00367 0.05264 68 0.00077 4.732 0.012 
Table 3: Analysis of variance 
 
Public Private Overall Source Data 
K B K B K B 
This survey 1992-99 129 0.32 132 0.30 131 0.31 
1988 survey (Bromilow 
et al, 1988) 1976-81 186 0.38 136 0.28 164 0.30 
1983 survey (Ireland, 
1983) 1980 - - - - 155 0.47 
Post 1974 projects 
survey (Bromilow and 
Henderson, 1977) 
1974-6 286 0.34 160 0.37 - - 
Pre 1974 projects 
survey (Bromilow and 
Henderson, 1977) 
1970-4 199 0.28 137 0.28 - - 
1969 survey 
(Bromilow, 1969) 1964-7 211 0.30 156 0.30 177 0.30 
Note: values updated to March 1998 prices 
Table 4:  K and B values of research studies 
 
Source Assumed average Public Private Overall 
This survey 1996 0.346 0.348 0.345 
1988 survey (Bromilow 
et al, 1988) 1981 0.379 0.342 0.357 
1983 survey (Ireland, 
1983) 1980 - - 0.384 
Post 1974 projects 
survey (Bromilow and 
Henderson, 1977) 
1975 0.397 0.338 0.387 
Pre 1974 projects 
survey (Bromilow and 
Henderson, 1977) 
1972 0.364 0.342 0.355 
1969 survey 
(Bromilow, 1969) 1966 0.372 0.354 0.361 
Table 5:  Estimated B’ values of research studies 
 14
Var N α0 p α1 p R2 F(1,4) p SEE 
B’ 6 1.5106 0.379 -0.00773 0.4951 0.123 0.5619 0.4952 0.177 
Table 6: Regression results for previous studies
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